The experimentally determined characteristics of a continuously variable resonant frequency crystal transducer are presented for the system operating under radiating conditions. These characteristics are presented for a high-poxver variable resonant frequency transducer of large radiating area, which utilizes the second harmonic and operates over the 2:1 frequency range from 22 kc to 44 kc with no more than a 2:1 variation in the pressure amplitude at a fixed point on the axis of the beam. Curves of pressure amplitude, input conductance, band width, half-power beam width, and efficiency, all as a function of the resonant frequency, are shown. The measured characteristics are compared with calculations based on a one-dimensional theo .ry.
L INTRODUCTION
IXED resonant frequency transducers have been extensively studied and many references to them are to be found in the literature. • These units presently enjoy wide application in systems such as high-power ultrasonic generators and underwater sound detecting equipment.
The desirability of having variable resonant frequency transducers available is quite evident. To cite one example, a large number of such transducer systems, each tuned to a slightly different resonant frequency, can be operated in close proximity without mutual interference. With the system described in this paper it is possible to vary the frequency over a 2:1 range at constant driving voltage with a variation in the sound pressure amplitude of less than a factor of two.
Previous work with variable resonant frequency crystal systems is to be found in five papers by Fox The details of the design and construction of this transducer are completely discussed in a companion paper. 6 In this design the piezoelectric crystals are cemented with a rigid adhesive to a thin sheet of silverpalladium alloy. The alloy is spot-welded to a steel matrix for support. The mercury column is amalgamated to the alloy directly behind each crystal unit of the array. A piston is used to continuously vary the length of the mercury column. This in turn varies the resonant frequency of the composite system. The mercury chamber, including the piston face, is everywhere lined with an acoustic decoupling material (balsa wood in this case). The unit thus assembled is housed in a steel container having a pc-rubber window. The region between the crystal units and the rubber diaphragm is filled with degassed castor oil. High-power continuously variable resonant frequency crystal transducers of large radiating area can be built and operated successfully over a 2:1 frequency range by utilizing the second harmonic. The maximum variation of the power output of such a transducer in the 2:1 frequency range is less than a factor of four. For the ADP-mercury system described in this paper, the efficiency of the transducer operating on the second harmonic increases with the addition of the mercury backing in the frequency range from 45 kc to 22 kc.
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